Nano-porous metals offer great potential for applications such as bio-sensors, chemical reactors, platforms for cell growth, and media for separation because of their high surface area and reactivity at the nanoscale.
Introduction
Nano-porous metals offer great potential for bio-sensing, chemical conversion, and catalysis.
1,2 The high surface to volume ratio of nano-textured metals, whose roughness or crystallite sizes lie in the order of 10 to 50 nm, offers advanced plasmonic properties which may be harvested to generate surface responsive materials.
Generating such surfaces is typically done by fabricating nano-pores across metal materials through either bottom-up or top-down strategies.
1 Porous metal materials have been processed through a number of routes, including metal foaming, casting, powder sintering, metal deposition by electroplating, electro-less deposition or sputtering across pre-dened templates, nano-particle self-assembly across pre-formed removable templates, and dealloying.
1 Porous metal materials exhibit excellent thermo-mechanical stability, excellent electrical properties, and outstanding resistance to abrasive materials that may be present in industrial liquid brines.
1 Porous metal materials have been used across a number of industrial applications including separation membranes, 3, 4 conductive porous electrodes, 5-9 biocompatible scaffolds, 10,11 sensing, 2, [12] [13] [14] [15] actuators, 16 and hybrid composite materials. 17, 18 The pore size of the materials currently used has a limit of 100 nm and further applications could be developed if porous metal materials with ner pores could be synthesised.
Selective dealloying is one of the most promising synthesis approaches that have been trialled to date to generate pores with pore size below the 100 nm benchmark and with a high porosity. This top-down etching process was demonstrated to fabricate porous metal materials with bi-continuous poreligament structures. [19] [20] [21] [22] Chemical dealloying is a controlled corrosion process, naturally happening for metals exposed to environments and has been reported for a number of metal alloys, 23, 24 such as copper, [24] [25] [26] [27] gold, 28-30 silver, 31 magnesium or platinum. 32, 33 These materials have been extensively used to form nano-textured or nano-porous metal-based materials. 28, 29, [34] [35] [36] [37] [38] De-alloyed materials were shown to exhibit a unique, smooth pore morphology, with pore size distributions from 3 nm to 5 mm (ref. 39) and porosity in the range of 20-70%. 15, 36, 40, 41 Dealloying was also successfully used for the fabrication of dual-layer porous materials, 31 whereby the ligaments could be further etched through a two-step treatments. The continuous ligaments formed across the de-alloyed metal materials offer high thermal and electrical conductivities, close to those of the reference metals, 42, 43 as well as new plasmonic properties from the nano-texturation of the surface. 13 The structure of the pores is specically related to the composition and the microstructure, such as metal grain distribution, the number of phases, and the ratio of metal grains to boundary volume. The fabrication process from industrialized precursor alloy is therefore currently limited to typically a single pore geometry and texture. Alterations of the morphology of the materials must be undertaken through different chemical etching conditions 1 and by altering parameters such as the etchant concentration or temperature. 44 Although the microstructure changes during such process was previously investigated by X-ray diffraction (XRD) 45 pei, the nature of the dealloying kinetics on the pore formation process are yet to be fully determined.
Here, a novel strategy is presented by thermally assisting the dealloying process during the etching of 100 nm thick AuAg 50 metal leaves to yield nano-porous membranes with customdesigned porosity and morphology. The control of the bath temperature is shown to alter the kinetics of dealloying and the impact of the etching solution properties on the process and the nal product properties were systematically assessed. In situ small angle X-ray scattering (SAXS) during dealloying tests were performed on the AuAg 50 leaves to investigate the dealloying kinetics at a very early stage of process, and these data were correlated to the morphological and macro-properties of the materials obtained from ex situ samples. The impact of dealloying conditions will be presented and discussed to understand the kinetics of the dealloying process, opening new avenues for the design and fabrication of near 2D porous metal materials.
Materials and methods

Materials and chemicals
AuAg 50 ultrathin (100 nm) foils were provided by the Sepp Leaf products. Nitric acid (70 wt%, supplied by Sigma-Aldrich®) was used for the etching procedure. Milli-Q water was used to prepare the etching solutions. All chemicals and metal leaves were used as received without further treatments.
Characterization techniques
Scanning Electron (SE) Microscopy was performed on a Supra 55VP FEG Scanning Electron Microscope (Zeiss, Germany) at 5 keV for a 10 mm working distance. The samples directly removed from in situ ow rig were not coated prior to imaging and used as de-alloyed. The SE images of de-alloyed samples removed from in situ ow rig were analysed by ImageJ (for Windows, Ver. 1.50i, 64 bit) with the function "analyse particles", in which the size range was 1 nm 2 to innity and the circularity was 0.00 to 1.00. Electron Back-Scatter Diffraction (EBSD) was used to generate orientation maps of the grains, performed with a Nordlys S (Oxford (HKL), UK) across the pristine metal leaves. The orientation analysis was performed at 20 keV in high current mode and analysed with the Aztec Soware (Oxford, UK). The scanning area is 200 mm Â 150 mm while the step size was 0.4 mm. Other parameters for EBSD scanning have not been changed and default manufacturer values were used. The original EBSD data is an orientation map which reveals directly the size, shape, and orientation of grains. Based on the orientation map, Misorientation Angle Distributions (MAD) could be obtained according to the statistics of the orientation map. Misorientation angle referred to the inter-angle of two grains which can reect the manufacturing process of pristine materials or deformation occurred during operation or modication. The misorientation angle of neighbouring grains correlates to the mismatch of atoms on the grain boundaries which was previously shown to correlate to the electrochemical properties, and particularly here to the anti-corrosion properties of materials. 46 The Pole Figure SAXS experiments were performed at the Australian Synchrotron (AS, Melbourne, Australia) on the SAXS/WAXS beamline. The scattering patterns were analysed with Scatterbrain 2.10 (Melbourne, Australia) developed in house by the SAXS technical group at the AS following the procedures previously described. 48 The detector was a Pilatus 1M (Melbourne, Australia) with a beam energy of 16 keV. Camera lengths of both 0.9 m and 7 m were used in this study. The selection of the camera length depended on the size distribution range of features of interest. For the short camera length (0.9 m), smaller features (0.9-55 nm) could be detected while the longer camera length (7 m) revealed larger features (7.5-450 nm).
In situ dealloying test on SAXS
In situ chemical DA experiments were performed with a quartz ow cells acting as a DA reactor, in which, a small area of the sample was exposed to an etching electrolyte shear ow on one side only ( Fig. S1(a) †) . The etching solution for these tests was 10% nitric acid (HNO 3 ) for Au-Ag alloys. The etching solution was placed into a jacketed beaker conditioned at 30 min prior to the experiments to the target temperature which was set at 5 C, 20 C, 40 C or 60 C, respectively. The samples were attached to the ow cells with double sided Kapton® tape to seal the system and prevent liquid leakages. An extra layer of Kapton® tape was placed on the back of the sample, outside the quartz cell, to ensure that the etching solution would not leak and corrode other devices if pores were penetrating across the thickness of the sample. The samples were put vertically in order for them to be in the pathway of the X-rays and allow the detector with the etching solution side facing the beam source. Only one side of the samples was de-alloyed at a time. The energy of the beam was set at 16 keV. The acquisition of the SAXS patterns was performed every 30 s. The etching solution was pumped through the ow cell at a ow rate of 30 mL min À1 . To ensure the initial stages of etching were studied, the pump was remotely started from outside the X-ray enclosure to start the DA experiment. The patterns were acquired right before the DA solution contacted the samples and were used as a background for normalization. Each sample was therefore its own reference and the physical area probed by the X-ray beam was consistently the same during each test. A schematic of the process is given in (Fig. S1 (b) †).
Modelling analysis
The de-alloyed porous structure is a 3-D bi-continuous structure where pores are interconnected between thin ligaments and nodes. The level of interconnectivity, however, depends on the porosity of the nal material, which is directly related to the etching conditions and to the initial composition of the pristine alloy. 21, 49 Consistent with previous works, the SAXS patterns corresponding to intricate network structures were considered as belonging to an amorphous structure primarily due to the large polydispersity of the pores and the high roughness of the materials, both in terms of lm and pore surfaces. 50 A scattering vector q is introduced to replace the scattering angle, which leads to a direct relationship between the scattering vector and diffraction angle q as shown in eqn (1) .
where l is the wavelength of X-ray beam.
For the normalization of the data, the typical dealloyed porous structure was considered to be a binary phase system, composed of both solid metal and liquid phases, of metal ions, hydroxides and etchant molecules. The rst component therefore corresponds to the ligaments while the other one represents the pores across the materials. Although the ions in the liquid phase and density of the liquid affected the intensity of the background SAXS pattern, the metal ions, complexes or hydroxides were not found to affect the patterns, primarily due to their low concentrations (less than 0.0002 M aer dealloying). 51 Furthermore, the preliminary test performed with a 0.6 m camera length, presented at curves aer 0.1Å À1 comparable with water scattering. The short camera length patterns are shown in the Fig. S2 † for curiosity, in which the two clear peaks belong to the Kapton tape used to mount the samples. Thus, the impact of the dissolved ions density on the SAXS background was not included in the data analysis for the dealloying processes.
Structural modelling is required to determine the structure of the two phases from the SAXS data. However, since the two phases cannot be distinguished from each other, this binary phase system was treated as a diluted particle-solution system. 52 The Porod invariant Q was introduced to correlate the scattered beam energy and volume of material V 0 , which was scattered from the main X-ray beam. 53 In in situ dealloying process, the pore formation was regarded as the formation of a 2 nd phase. However, the cavities and the formation of pores were due to the dissolution of one component from the alloy, which was primarily Ag in this work. The dissolution process, therefore, leads to the formation of a core-shell structure, where the core of the material ligaments is a gold/silver alloy, while the outer shells of the ligaments are primarily gold. A schematic of the different phases is shown in Fig. 1 .
Furthermore, the pores and cavities were lled with the etching solution and metal ions. The concentration of metal ions generated from the etching of the alloy may vary during the experiment, leading to the liquid phase density changing during the experiment. However, this relatively mild variation in intensity could not be accurately evaluated by linear or oneorder linear differential equation. Established models were modied to properly t this complex multi-layer and dynamic porosity system. The scattering volume V s was calculated through the Porod invariant Q (eqn (S1) †), where the beam spot area S B was assumed to be constant (surface of 15 000 mm 2 ).
Therefore, the thickness of porous part (pores penetration depth) T p was evaluated as a function of scattering volume V s (eqn (2)), where the V 0 is the probed volume of material, 4 s is the volume fraction of porous material.
The invariant Q can be calculated by integrating the area corresponding to the knee on the Kratky plot. The Kratky plot was obtained by plotting the scattering vector q versus the scattering intensity I(q) times q 2 instead of I(q) (ESI †).
The Porod's law was used to estimate the relative surface area of spherical particles with a smooth surface. 52, 54 The Guinier analysis refers to the analysis of the SAXS scattering curve at very small scattering angles (see ESI † for details). The data was plotted by ln I(q) versus q square, as Guinier plot. The slope of the Guinier plot in Guinier region is considered as the R g .
The SAXS patterns were stimulated with Irena (Igor 6.34 64 bit) for estimating the size distribution of scattering features on samples. The de-alloyed porous structure offers a tortuous and continuous pore and ligament network distributed across the material. In this case, the projected shape of de-alloyed porous structure on SAXS is not a unied geometry but an irregular geometry with a board size distribution range. The size distribution function was used. The diameter range was pre-set into 2-3000Å. Spheroid particle shape model was chosen for an aspect ratio of 0.1 to reect the partial anisotropy of the ligaments/pores and a regularization method was used for tting. The tting range was located by two cursors, which were laid on the two sides of the main scattering knee.
Results and discussion
Microstructure and overall morphology of the pristine AuAg 50 leaves
The AuAg 50 pristine materials were commercial alloy thin foils. These foils, also called white gold due to their whitish colour, were a face-cubic centred (FCC) single-phase alloy (Fig. S3 †) .
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Ag and Au are completely miscible metals which can form a substitution solid solution with any mixing ratio. 56 The AuAg 50 foils used in this project were 100-120 nm thick and were fabricated by a conventional hammering process. 32 In a typical fabrication process, small pieces of millimetre thick AuAg 50 alloys were rstly hammered until reaching tens of micrometres. The deformed alloy foils were then stacked into multiple-layers separated by black paper to prevent sticking on each other and continuously hammered until reaching the thickness of $100 nm. The surface of the foils (Fig. S4(a) †) was found to be extremely smooth and exhibited a roughness (R a ) of about 7.3 nm, as obtained by AFM (Fig. S4(b) †) .
As seen across the EBSD orientation map (Fig. S5(a) †) , the alloy matrix was full of large grains (4 > 10 mm) while a limited volume fraction of small grains was generated from fractured grains and transferred to the boundaries of large grains during the deformation and manufacturing. Based on the misorientation distribution (MD) data (Fig. S5(b) †) , both correlated (plain) and uncorrelated (dash dot) plots are quite different from each other and also theoretical plot (random). The difference between the correlated and random distributions is due to the texture of AuAg 50 ultra-thin foils while the large amount of low angle boundaries is clearly due to the cold deformation which occurred during the hammering process.
The PF (Fig. S6(a) and (b) †) shows a series of concentric rings, which refer to the bre texture. The IPF (Fig. S6(c) and (d) †) indicated a (100) texture for the pristine foils. This result is in good correlation with the texture of pure gold leaf 47 which has a strong {100} texture. The bre texture is a representation of the microstructure whereby grains present preferential orientation rather than random orientation. In {100} texture, the normal of {100} is parallel to the force direction of the hammering, which is perpendicular to the leaf plane. In the AuAg 50 , most of {100} planes were parallel to each other and both the atom density and the inter-planar spacing across the thickness were found to be very similar.
Kinetics of pore formation from SAXS analysis
The impact of the solution temperature on the dealloying kinetics and on pore formation was assessed by both ex situ and in situ experiments. The temperature is acting as a dynamic parameter affecting the reaction rate rather than the equilibrium of the reaction. The Au-Ag alloy leaves present a relatively small thickness (100-120 nm) and may be completely converted into nano-porous gold within 10 min.
29,32 Fig. 2 presents the SE images of de-alloyed samples (nano-porous gold) aer the in situ dealloying test. The dealloying duration was the same for each sample and only the solution temperature was altered.
The morphology of the pores in nano-porous gold leaves was found to be highly related to the solution temperature. Gold ligaments were formed across the materials with an average width of around 25-40 nm, varying with the temperature of the etching solution. The pores were found to be tortuous and to be present through the leaves thickness. SE images analysis found porosity of the materials raise from 22% to 31% with increased temperature of the solution. The tortuous and intricate pores of the de-alloyed gold leaves coarsened with increasing solution temperature (Fig. 3) .
The SAXS patterns of the in situ Au-Ag de-alloyed samples are shown in Fig. 4 , with the corresponding raw 2-D SAXS patterns as insets. The scattering peaks were found to become broader and higher in intensity upon dealloying progressing, while the centre of the knees shied towards lower q ranges. This trend is well supported by previous works on the SAXS evaluation of thin lm metal samples exposed to different etchant concentrations 50 where similar shis towards larger features were observed.
Three different stages, shown in Fig. S7 , † were identied across the whole dealloying process. First, visible changes across the 2D SAXS data started occurring inversely proportionally with respect to temperature straight upon starting the experiments prior to stabilizing and for as long as 25 min Table S1 . † (Fig. 4) . Physically, this stage may coincide with the start of the physical pitting mechanisms, whereby semi-circular pits shall appear across the surface of the samples prior to developing into porous networks. 30 Although the same behaviour was clearly visible for each temperature trialled, the changes, and peak shis particularly, appeared to be less prominent at higher solution temperature. The duration of this period spanned from more than 10 min (600 s) at 5
C to approximately 1 min (60 s) at 60 C. During the third phase, the scattering knee was found to strongly shi towards a lower q during the period aer the transformation period, corresponding to a growth period of the ligaments and their expansion within the metal matrix. The end of this growth period was only detectable for the patterns of the 60 C de-alloyed samples once reaching plateaued and stable scattering curves from 3300 s onwards. Such a stabilization could not be reached at lower temperatures suggesting the need for longer treatment periods due to the much slower kinetics of pore formation. Once reaching this invariant, the morphology of de-alloyed samples was stabilized and the pores coarsening was stopped (Fig. 4) . A schematic example of the three periods is shown in Fig. S7 . †
SAXS analysis
The pore size distributions across the materials were modelled with IRENA and correlated to the SE images analysis. As seen in Fig. 5a , the correlation between the measured pore dimensions and the modelled pore diameters was excellent. Aer 3600 s of dealloying, the value of the average pore diameter was found to increase steadily with temperature. The SAXS data was found to reach a plateau upon reaching that value of DA duration for all the temperature series and was therefore used as a representation of the steady state level of the system. The average pore dimension increased from approximately 31 nm at 5 C to 51 at 60 C. This aspect of the dealloying is critical since it demonstrates that the morphology of the pores may be directly altered upon modifying the environment of the sample, and the properties of the solution. It is likely that the increase in temperature affected the viscosity of the solution to a degree which reduced the diffusion of ions from the surface of the material, thus increasing concentration polarization and reducing the kinetics of pore formation. Likewise, the porosity of the materials was estimated from the SE images shown in Fig. 2 . As seen in Table  S1 , † the measured surface porosity was lower than expected, which was likely due to the fact that several de-alloyed layers are overlapping each other on the SE images. Indeed, the intricate structure formed by the DA process, as shown in Fig. S8 , † likely led to the formation of parallel ligaments/pore networks. Overall, although the surface porosity seemed to slightly increase with respect to the bath temperature, the values were found to be overall stable and in good correlation with the expected Au/Ag ratio. The size distribution of the ligaments modelled from the Guinier knee was also compared to the measured ligaments from the SE images in Fig. 2 . As seen in Fig. 6 and highlighted in C. However, this shi was much less pronounced than the variation in pore size, supporting the fact that the microstructure of the metal materials affects the DA process and the atomic rearrangement of the materials, more than the process parameters.
The radius of gyration (R g ) was used to calculate the particle size in a dilute solution 53, 57 or the precipitated phases of an alloy. 58 The R g was used to model the distributions since it can reveal the size of scattered features. As shown in Fig. 7a , the R g Fig. 5 (a) Comparison between R g obtained from SAXS pattern and equivalent radius of de-alloyed sample after 4500 s. (b) Comparison between the mean diameters obtained from the SAXS simulated model and the equivalent diameter from the SE images of de-alloyed sample after 4500 s. Mean corresponds to the mean diameter of stimulated model, which was achieved from Irena; R g : radius of gyration determined from the SAXS data and; D i is the equivalent diameter of pores on SE images, estimated by ImageJ. R: equivalent radius of pores on SE images, estimated by ImageJ. C. The measurements were based on the analysis of the SE images shown in Fig. 2 with ImageJ.
increased with respect to the dealloying duration. The R g in the second period for the samples de-alloyed at 40 C and 60 C increased signicantly prior to plateauing upon starting the growth period, while the values of R g between 5 C and 20 C increased steadily and slowly. The value of R g of each temperature at 4500 s was 15.4 nm for 5 C, 17.1 nm for 20 C, 21.7 nm for 40 C, and 27.3 nm for 60 C, suggesting that the R g was changing proportionally with the temperature of the dealloying solution (Fig. 5b) . Although the R g is not a physical dimension of the scattering features, it likely corresponds to the highest frequency of distances between neighbouring solid/liquid interfaces. Therefore it is utilized to express the mean size distribution of a system, here the radius of the ligaments. In order to clarify these aspects, the Porod's law was used to estimate the specic surface area of the scatterers. 53 The surface area of the material is a direct parameter highlighting the relationship between the pores and ligaments sizes. Although most models are designed for spherical particles with smooth surfaces, 52 the Porod law may be used to evaluate dynamic and relative changes of the surface area across porous materials.
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The Porod region should be in the region where neither the crystalline structure of the atoms nor the nano-scale geometrical features of the pores scatter. Therefore, the low q region, before the scattering knee, could be selected as the Porod region for the in situ Au-Ag dealloying SAXS patterns. A power law function f(q) ¼ A Â q À4 was used to t this part of the scattering curves to obtain, by regression, the surface area A, as shown in Fig. 7b . The surface area of every sample was found to increase aer the second phase prior to steadily dropping upon reaching the growth period. The development of de-alloyed pores can be therefore related to two different aspects: (i) the penetration increasing over time, and (ii) the pores increasing in diameter over time. On one hand, the surface area of the material increased with the higher penetration depth while on the other hand, the surface area decreased with pore expanding radially. Therefore, the 60 C de-alloyed samples exhibiting the largest R g offered the lowest surface area, while the 5 C de-alloyed sample with the smallest R g presented the largest surface area. Although not quantitatively evaluated by the SAXS data analysis due to uncertainty with sample thickness affecting the overall intensity of the peaks, this is supporting the fact that more pores were generated at lower dealloying temperatures as visible across the SE images in Fig. 2 . Relatively, the surface area of the samples de-alloyed at 20 C and 40 C were very close, which was perhaps due to the inhomogeneous thickness of the pristine sample or to rather similar etching mechanisms as previously stated.
The SAXS scattering peaks of the de-alloyed porous materials are in this case not characteristic scattering peaks but broad and reasonably sharp amorphous knees. The scattering pattern is a cumulative function of the projected distances of the neighbouring solid/liquid phases. The 3-D bi-continuous dealloyed porous structure, with tortuous and intricate pore morphologies, can therefore only scatter a broad amorphous knee rather than a sharp characteristic peak. The width of the peaks may be primarily correlated to the size distribution of the interfaces and a coarsening mechanism may occur upon dealloying due to the progressive expansion of the pores. However, other factors such as irregularities in shapes may also lead to some degree to the intensity of the edge of the peak. Although the broad nature of the scattering knee did not allow to qualitatively evaluate this later hypothesis, the SE images suggested a reasonably homogeneous pore distribution across the different temperature series, supporting the former hypothesis. The increase in the size distribution range, demonstrated from the R g changes, revealed by the SAXS patterns, may be quicker than the increase of the real pore size, or pore volume, since the degree of tortuosity of the pores decreased with the coarsening of the pores. A schematic of the process is shown in Fig. 3 , in which a and a 0 correspond to the maximum size, while b and b 0 to the most frequent size for such distributions. In that schematic, the most frequent size b was found to increase approximately by 30% to b 0 aer coarsening, while the maximum size a nearly doubled due to the tortuosity decrease. The Porod's invariant, Q, provides information about the structural volume and is independent of the scatterer geometry. This model provides valuable data on the surface of the materials and may be used to evaluate surface area. Q was plotted with a process duration in Fig. 7c . The value of the invariant Q can be divided into three sections including rst a rise, then a plateau, and eventually a drop. The invariant Q of the 40 and 60 C series was found to offer the same trend as the calculated surface area, A. The invariant Q of the 20 C series remained initially stable for a longer duration while the plateau of the 5 C series occurred later than the change visible for its surface area, A. The value of the invariant Q, corresponds to the total scattered energy of the beam, was integrated from the Kratky plot (ESI †). However, the de-alloyed pores in the Au-Ag system fully penetrated the 100-120 nm thick samples within minutes. Similar to the surface area of Porod's law, the total intensity of the scattered beam decreased as the area of interface decreased. The relationship between the surface area A and the invariant Q is shown in eqn (3), 52 where the V 0 is the probed volume of sample, 4 1 and 4 2 are the volume fraction of liquid and solid phases, respectively.
Although the volume of Au-Ag alloy shrinks upon dealloying due to surface-induced plastic deformation of Au ligaments, 34 shrinkage was not observed in the present case until the materials had been completely de-alloyed. 60 The scattering interface generated during the process was therefore only induced by the de-alloyed probed materials. Thus, the liquid phase fraction 4 1 (t), which is a function of the DA duration in the in situ dealloying tests, was regarded as the porosity of dealloyed AuAg 50 leaves.
Since the liquid phase fraction 4 1 increased with the process progressing, the solid phase fraction (1 À 4 1 ) decreased with process progressing. Thus, the scattering volume V s increased with process progressing. Interestingly, the slope of A Â Q in Fig. 8 decreased with increasing solution temperature suggesting that the increase of liquid phase fraction is slower at low temperature while the scattering volume increased faster. This trend could be explained by the fact that the pore density was likely higher at these low temperatures, as seen across the SE images shown in Fig. 2. 
Conclusions
In summary, the in situ dealloying test on the Au-Ag leaves at different temperatures was demonstrated for the rst time. The impact of the solution temperature on the dealloying kinetics and on the morphology of metal materials was cross-correlated between SE images and SAXS data particularly. The morphology of the de-alloyed samples was found to coarsen at higher solution temperature while the dealloying process was strongly accelerated. From the modelling across the 2D SAXS data, the R g of de-alloyed samples increased while the surface area A decreased with an increasing solution temperature. The calculation of invariant Q and A Â Q suggested that the rate of porosity formation, which corresponds to the dealloying rate, was proportional to the solution temperature. The pores however formed faster and in a steadier and more stable fashion at lower temperature. This novel study and strategy open up new routes to the custom-design of nano-porous metal materials with tuneable surface areas for potential applications in surface chemical detection, separation, and catalysis.
